A Simple Technic for the Demonstration of a Phagocytic Mononuclear Cell in Peripheral Blood: First Report of Studies on the Mononuclear Cells of the Blood by McJUNKIN, F. A.
A SIMPLE TECHNIC FOR THE DEMONSTRATION OF A
PHAGOCYTIC MONONUCLEAR CELL IN
PERIPHERAL BLOOD
FIRST REPORT OF STUDIES ON THE MONONUCLEAR CELLS OF
THE BLOOD *
F. A. McJUNKIN, M.D.
MILWAUKEE
The purpose of this report is to describe a method by which a
mononuclear cell constantly present in normal blood may be shown to
be phagocytic, and to point out certain characters of the cell that
suggest its origin.
The origin, morphology and many of the functional activities of
the polymorphonuclear leukocytes (neutrophilic, eosinophilic and baso-
philic) of the blood are known, but considerable uncertainty exists in
regard to the mononuclear group of leukocytes. While it seems quite
certain that lymphoblastic cells constitute a large part of the mono¬
nuclear leukocytes, the classification of the remaining mononuclear
cells that are present is not satisfactory. An important aid in tracing
the origin of cells in sections of tissue is their relationship to the sur¬
rounding ones that divide to form them, but the leukocytes in the blood
stream do not arise there by mitosis, and once they are swept away in
the blood their position in regard to the other cells near them is no
longer of value in tracing their origin. In face of the uncertainty
concerning the mononuclear blood cells, terms such as transitional
leukocyte, and large mononuclear leukocyte, that are not histologie
terms imply a definite embryologie origin, have been commonly used.
Attempts at the identification and classification of nonlymphocytic
mononuclear leukocytes have for the most part been based on staining
characteristics. Methods dependent on the functional activities of the
blood cells have, however, been employed, and of these vital staining
has attracted most attention. The usual statement of observers employ¬
ing this method is that cells which stain vitally do not appear in the
peripheral blood, or they appear there in negligible numbers.
TECHNIC EMPLOYED
The method used is simple, but some of the details require con¬
siderable care in their execution. The object to be attained is to bring
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the leukocytes into contact with fine particles of carbon at the body
temperature and under exact and uniform conditions, and then to fix
and stain them properly.
Three cubic centimeters of blood are added to 2 c.c. of 3.8 per cent, sterile
sodium citrate that contains 1 per cent, by weight of a good commercial grade
of lampblack. The citrate-lampblack liquid is shaken vigorously in the flask
to secure as even a suspension as possible, and 2 c.c. immediately placed in a
15-c.c. graduated centrifuge tube to which the blood is added at once. To
obtain the blood the palmar surface of a finger tip is painted with tincture
of iodin, wiped with 95 per cent, alcohol, dried, punctured deeply with an
automatic lance and the blood pressed out so that the drops fall directly into
the tube. The citrated blood is mixed thoroughly by striking the lower end
of the centrifuge tube with the finger and immediately is filtered through a
single layer of muslin that has been laundered into a second centrifuge tube
in order to remove the gross particles of lampblack. The second tube may
be prepared by autoclaving it with the cloth pressed into its upper portion in
the form of a cone. The cloth is moistened with a 3.8 per cent, citrate solution
before the citrated blood is poured on it. It is not advisable to filter the
suspension of lampblack before mixing with the blood because it tends to
filter clear.
The filtered citrated blood is placed in a centrifuge and whirled at a moderate
speed for fifteen minutes and at a high speed for five minutes. The tube is
removed from the centrifuge and the black leukocytic layer on the surface
of the corpuscles is carefully drawn with suction into a large bore hemo-
cytometer pipet. Such a pipet may be kept in 80 per cent, alcohol and washed
with sterile citrate before filling. The pipet is shaken for one minute, a
wide rubber band stretched over it to close the ends, and then transferred to
an incubator at 37.5 C. where it is kept in a horizontal position for one hour,
being removed and shaken for one minute at the end of fifteen, thirty and
forty-five minutes.
At the end of the hour the pipet is taken from the incubator, shaken for
five minutes and coverglass preparations made in the usual way, the small drops
of blood being placed on the coverglasses from the pipet. Slides are not suitable.
To stain the coverglass smear, 2 drops of a polychrome blood stain are
placed on it for one minute. At the end of one minute four drops of distilled
water are added and the diluted stain allowed to remain on it for two to three
minutes. The stain is washed off with water, differentiated for ten seconds
in 0.02 per cent, yellowish water-soluble eosin, washed with water, dried and
mounted in colophonium-xylol.
Any polychrome blood stain that has a reaction properly adjusted may be
used. The writer's blood stain obtained from Bausch and Lomb Optical Co.,
Rochester, N. Y., was employed in making most of the stains. If a number
of preparations are to be stained the coverglasses are supported on the tops
of small test tubes 12 mm. in diameter held in a test-tube rack, and the center
of each pressed on with a 1-mm. glass rod while the alcoholic stain is spread
out with a second rod. A single preparation may of course be held in suitable
coverglass forceps.
The results and conclusions as recorded below are based on the
preparations made by the foregoing technic Since it would clearly
be an advantage to employ a more direct method in the examination
of pathologic blood, many variations of the test have been tried, but
even slight variations have usually yielded negative results. It has not
been possible to eliminate the centrifugation, but the undiluted blood
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may be employed for making the smears, and this appears to be the
simplest and most accurate way for the differential counting of leuko¬
cytes. In employing undiluted blood the ingestion of the carbon by
the leukocytes is found to be determined by the concentration of the
citrate. In the stained film there is no difficulty in distinguishing
mononuclear cells containing carbon from polymorphonuclear ones
that contain it, but the best picture is obtained if phagocytosis by the
neutrophils is prevented. To do this 7.7 mg. of sodium citrate per c.c.
of blood are used. This amount of citrate does not interfere with the
phagocytic properties of the mononuclear cells, but 15 mg. prevent
ingestion by all leukocytes. If only 5 mg. of citrate are used more
than half of the neutrophils as well as the phagocytic mononuclear
cells ingest the carbon.
To use the undiluted blood four small glass beads and 8 mg. of a dry
lampblack-citrate powder are placed in a small test tube 45 mm. long prepared
from glass tubing with an inside diameter of 7 mm., and 1 c.c. of water added.
The tube is shaken and the upper surface of the liquid marked by scratching
with a file. The liquid is washed out, the tube dried, the beads replaced,
another 8 mg. of lampblack-citrate powder added and blood dropped into it
from the finger until the upper surface reaches the mark. The finger is pricked
with an automatic lance and the drops of blood allowed to touch the apex of
a small wire in the shape of the inverted letter V inserted into the upper end
of the tube. This prevents the blood from coming into contact with the mouth
of the tube. The tube is stoppered with a rubber cork, vigorously shaken for
five minutes, centrifuged at a moderate rate of speed for fifteen minutes and
placed in the incubator for one-half hour at 37.5 C, care being taken not to
disturb the leukocytic layer. The tube is removed from the incubator, shaken
for two minutes, centrifuged, again incubated for one half hour, shaken for
two minutes after removal from the incubator and coverglass preparations made
and stained. The red and white hemocytometer pipet may be filled from the
undiluted blood before the first incubation for the enumeration of the white
cells and erythrocytes. The second shaking, centrifugation and incubation are
required to bring all the leukocytes into contact with the carbon. The small
drop of blood is placed on the coverglass by means of a capillary pipet with
nipple attached. The films are allowed to dry in the air for at least three
hours before the stain is applied.
The preparation of the lampblack-citrate powder is important. It is pre¬
pared by mixing intimately 7.7 gm. sodium citrate (Merck), U. S. P., of
highest purity, that has been ground to small granules in a mill (not powdered
in a mortar) with 0.3 gm. lampblack that has been ground in a mortar for
thirty minutes. The powder is placed in a bottle and kept in a desiccator.
RESULTS OBTAINED
On examination of the smears with an oil-immersion lens the gen¬
eral picture is seen to resemble that obtained with any good polychrome
stain. A striking difference, however, is observed in certain of the
mononuclear cells the cytoplasm of which contains many carbon par¬
ticles or is completely filled with the lampblack, while the lymphocytes
and the great majority of the polymorphonuclear cells contain none,
and those that do contain it have taken up a much smaller amount than
Downloaded From: http://archinte.jamanetwork.com/ by a New York University User  on 06/18/2015
the phagocytic ones of the mononuclear group. The smears are sur¬
prisingly free from extracellular carbon deposited on the red blood
corpuscles and in the plasma. Since not a single cell that is a lympho¬
cyte of the small variety contains the particles, the phagocytic mono-
nuclear cells as a result of the carbon they contain are readily dis¬
tinguished. If it were not for the carbon within these cells, however,
some of them would be mistaken for large lymphocytes, although most
of them would fall in the classes commonly known as transitional and
large mononuclear leukocytes.
The morphologic characters of the mononuclear phagocytic cell,
aside from the ingested carbon, are well defined within certain limits,
and most of the cells can be identified in the usual blood smear after
the study of lampblack preparations ; but all of them cannot be recog¬
nized with certainty. The average diameter of the cell closely approx¬
imates that of the polymorphonuclear neutrophil, but the individual
cells present greater variations. Many are smaller than the neutro-
phils and approach the larger lymphocytes in size, while a few are
larger than any neutrophil. The cell outline is usually round, but
irregularities may be produced when the smear is made, or pseudo-
podia may be present as the result of ameboid activity.
The cytoplasm of this class of cells filled with the carbon particles
is characteristic. Much lampblack is taken up by all cells of this
variety, and many of them contain so great an amount that the char¬
acter of the cytoplasm cannot be distinguished.
The zone of the cytoplasm is wide at some point, due to an indenta¬
tion or eccentric position of the nucleus, and in preparations stained
in the usual way this is, perhaps, next to its phagocytic properties, the
most distinguishing feature of the cell. The cytoplasm is often present
only in sufficient amount to form a distinct band about the nucleus, but
it may be fully as wide as the nucleus itself. In those cells in which
the cytoplasm is distinct it is seen to stain less blue than that of the
lymphocytes. It may be quite free of granules, but usually there are
present granules that are much like the neutrophilic granules, except
that they are more filament-like. The filamentous granules color like
those of the neutrophils by the oxydase reaction, but are usually less
distinct. Typical discrete "azur" granules, such as occur so commonly
in lymphocytes, have not been observed.
The nucleus is round or oval, is horseshoe or saddle-back in shape,
or presents a broken irregular contour. Rarely a cell of this type is
encountered in which the nucleus is stellate or divided into separate
chromatin masses. Cells with this morphology appear to be formed
during the hour of incubation, but it is not certain that an occasional
cell of this class with a broken nucleus does not occur in the blood.
The only important characteristic of the nucleus is that it is very rarely
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both regular in outline and centrally placed. It stains less heavily
than the nucleus of the neutrophils.
The number of this variety of cells in the blood of five normal
individuals varies from 5.6 to 8.1 per cent., with an average of 7.2 per
cent. In obtaining these percentages above 2,000 cells were counted
in each sample and the direct method used, since it is not certain that
the percentages in leukocytic layers after centrifugation are the same
as in the whole blood. The average number of other cells is as fol¬
lows : lymphocytes, 32.2 per cent. ; neutrophils, 58.5 per cent. ; eosino-
phils, 1.6 per cent.; basophils, 0.5 per cent. The average number of
leukocytes present per cmm. is 6,820. The coverglass preparations
were mounted in pairs on slides and the cells counted from at least
three such pairs with the use of a mechanical stage.
DISCUSSION AND CONCLUSIONS
The functional behavior of fixed tissue cells is constantly made use
of in their identification, and of the cell functions phagocytosis is one
that is important and has attracted a great deal of attention. In general
the phagocytic properties of the cells commonly met with are known.
Fibroblasts, identified by the use of appropriate stains, rarely or never
are found to have incorporated foreign particles within their cyto¬
plasm; none of the enormous number of lymphoblastic cells found in
various normal and pathologic tissues are phagocytic ; while polymor¬
phonuclear neutrophils incorporate different bacteria and may ingest
nonbacterial substances.
In the lesions of typhoid fever, in tubercles and in other pathologic
processes endothelial cells divide, become free and migrate through the
vessel wall into the extravascular tissue. This is seen in single oil-
immersion fields of tissue that is perfectly preserved. These free
mononuclear leukocytes of endothelial origin are frequently phagocytic
for other tissue cells, red blood corpuscles, certain bacteria and for
various nonbacterial particles such as carbon. The mononuclear cells
of the blood shown by these experiments to be phagocytic for carbon
correspond in morphology and phagocytic properties to the endothelial
leukocytes of the tissues, and it seems likely that this class of leukocytes
may prove to be of endothelial origin. That they are not related to
the polymorphonuclear leukocytes is clearly shown by their phagocytic
properties.
In order to determine the behavior of tissue cells during life, certain
coal tar and natural dyes have been injected into animals intravenously
and by other routes, and the tissues examined after a varying number
of hours and days. Vitally stained cells are said not to be present in
the peripheral blood of the animals treated in this way, but granules
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of the stain are present in tissue cells spoken of as macrophages, which
is a term implying that the cells containing the granules are capable of
phagocytosis. The term phagocytosis is not correctly applied to the
passage of a substance in solution into the protoplasm of a living cell,
although it is there changed over into insoluble granules. It is not
possible to say whether all phagocytic cells are vitally staining or not,
but certainly intravital staining as commonly carried out is useless for
the demonstration of phagocytic cells in the blood.
In designating the mononuclear cells of the blood that are phago¬
cytic by the above method as a separate and distinct variety of leuko¬
cyte, factors other than the morphology of the cells are taken into
account. Although the cells in the preceding experiments remain in
the incubator for one hour only, they retain their ameboid activity and
staining properties for four days at 37.5 C, and there is no reason to
think that the behavior of the cells toward carbon particles under opti¬
mum conditions in vitro is in any way an abnormal manifestation.
That all cells have an opportunity to ingest by phagocytosis the carbon
and yet that none but this variety do ingest it is shown by the presence
of the large amount ingested and its absence from other cells except a
few of the polymorphonuclear neutrophils.
Since none of the small mononuclear cells that are typical lympho¬
cytes ingest the carbon, it is evident that lymphocytes and phagocytic
mononuclear cells are comprised in the mononuclear group of leuko¬
cytes. It is believed that all of the phagocytic cells, owing to their
resemblance to large lymphocytes especially, cannot be accurately iden¬
tified by means of any of the blood stains now in common use without
the employment of a reaction to determine their phagocytic properties.
[The writer gratefully acknowledges his obligation to Dr. F. B. Mallory
for the privilege of carrying on this work in his laboratory and his indebted¬
ness to Mr. L. Massopust for the illustration which accompanies this paper.]
Description of Plate
Drawn with camera lucida and oil-immersion lens from a single cover-glass
preparation.
A, group consisting of neutrophil, erythrocyte and mononuclear cell con¬
taining carbon ; outline of nucleus of phagocytic cell is a broken curve.
B, lymphocyte, erythrocyte and phagocytic cell with an irregular nucleus.
C, lymphocyte, neutrophil and phagocytic cell with saddleback nucleus.
D, neutrophil, erythrocyte and phagocytic cell. Note that all elements in
this part of the coverglass smear are large. The nucleus of the carbon-con¬
taining cell is oval.
E, erythrocyte, neutrophil and phagocytic cell with oval nucleus.
F, erythrocyte, lymphocyte and phagocytic mononuclear. The phagocytic
cell resembles the lymphocyte morphologically.
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